Editorial Comment Inhibitors of ANF Metabolism
Potential Therapeutic Agents in Cardiovascular Disease Joey P. Granger, PhD A trial natriuretic factor (ANF), a 28-amino acid peptide hormone synthesized and secreted from atrial myocytes, has been suggested to play an important role in the regulation of extracellular fluid volume and arterial pressure. Physiological and pharmacological doses of this peptide have been shown to produce natriuresis and diuresis, vasorelaxation, and inhibition or antagonism or both of important hormonal regulatory systems, such as the reninangiotensin-aldosterone system.1"2 Because of its multiple actions, ANF is thought by many investigators to play an important role in balancing or modulating the various sodium-retaining systems of the body. Obviously, the diverse actions of ANF have also led many investigators to speculate that ANF may be a potentially important therapeutic tool for the treatment of sodium-retaining diseases such as congestive heart failure and hypertension. The Cleavage at these sites results in inactivation of ANF.8 In addition to endopeptidase-mediated inactivation of ANF, recent investigations have suggested that ANF levels may also be reduced by a receptormediated event whereby ANF binds to a highcapacity receptor that is not coupled to guanylate cyclase, the second messenger system for the biological receptor.9 Binding to the "clearance" receptor has been proposed to result in an uptake of the receptor ligand complex and removal of the peptide from the circulation. The quantitative importance of each of these pathways and other unknown pathways has not yet been determined. Inhibitors of the various metabolic pathways could theoretically provide a means of blocking ANF degradation and increasing circulating plasma levels of circulating ANF.
In this issue of Circulation, Cavero and colleagues10 provide one of the first published reports detailing the acute renal and cardiovascular actions of a specific neutral endopeptidase inhibitor (NEP-I) in experimental congestive heart failure. In dogs with severe congestive heart failure induced by 8 days of rapid ventricular pacing, NEP inhibition resulted in a slight increase in plasma levels of ANF. NEP inhibition also resulted in significant natriuresis and diuresis. Interestingly, infusion of exogenous ANF at a rate that increased plasma levels of ANF above those resulting from NEP inhibition had no significant effect on sodium excretion. These findings raise interesting questions related to the mechanisms whereby NEP-I increases sodium and water excretion. Are the effects of NEP-I mediated by ANF? Does NEP-I increase sodium excretion by mechanisms that are different than ANF?
The finding that the natriuresis produced by NEP-I occurred despite no significant changes in renal blood flow or glomerular filtration rate suggests a renal tubular action of NEP-I. Cavero ANF has also been shown to influence cardiac function in congestive heart failure via its systemic hemodynamic effects. Cody and colleagues14 previously reported that short-term intravenous infusion of ANF into patients with congestive heart failure improved cardiac output and decreased pulmonary capillary wedge pressure. Other studies in congestive heart failure patients and in animals with congestive heart failure have also demonstrated that short-term infusions of ANF result in an improvement in cardiac output.15-17 It is believed that this improvement in cardiac output is due to the ability of ANF to reduce cardiac afterload through its systemic vasodilatory action. 18 Although numerous studies have examined the short-term effects of exogenous ANF on cardiac function in congestive heart failure, there is very little, if any, published information regarding the cardiovascular effects of NE? inhibition in congestive heart failure. The paper by Cavero and colleagues'0 describes the acute systemic hemodynamic response to NEP inhibition in dogs with severe congestive heart failure. They report that NEP inhibition had no significant effect on cardiac output or left atrial pressure. There was, however, a slight reduction in right atrial pressure during NEP-I administration. Systemic vascular resistance actually increased during NEP-I infusion. It is uncertain whether this increase in systemic vascular resistance is due to time-dependent factors, however, because time controls were not employed in their study. Interestingly, infusion of exogenous ANF had similar effects on systemic hemodynamics. The failure of exogenous ANF to improve cardiac output, as described in earlier studies, may be related to the severity of the congestive heart failure in their animal model. Further studies will be necessary to determine the effectiveness of NEP-Is in the improvement of cardiac function in varying degrees of congestive heart failure.
The renal excretory effects of NEP inhibition make NEP-Is potentially useful therapeutic tools for the treatment of sodium-retaining diseases such as congestive heart failure and hypertension. Their overall effectiveness as a class of drugs still remains to be determined. Many questions remain unanswered and many more experiments must be performed. Future studies should focus on the long-term actions of inhibitors of ANF metabolism. The full effectiveness of these drugs may only be realized after long-term administration (for a period of days rather than minutes). We have previously reported that the hypotensive effects of synthetic ANF are much more potent during long-term than during short-term administration in normal dogs.19 Similar findings have also been made in humans and in various hypertensive animals.20'21 Recent studies also suggest that the systemic hemodynamic mechanisms mediating the chronic hypotensive effect of ANF may be completely different than the mechanisms of its short-term administration. 21 It would appear that studies on the long-term effects of ANF metabolic inhibitors are essential to determine their importance and effectiveness as therapeutic tools for the treatment of cardiovascular diseases such as congestive heart failure and hypertension. Indeed, in a recently published report by Sybertz et al, 22 an orally active NEP-I was shown to reduce mean arterial pressure in spontaneously hypertensive rats by 30-40 mm Hg after 5 days of administration. In contrast, the NEP-I had no effect on mean arterial pressure after the first 4 hours of administration.
